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Significant advisory and technical assistance were supplied by
Messrs. J. G. Kaufman and J. D. Walsh.

The report was released by the authors for publication
in January.
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ABSTRACT

The tensile, compressive, shear, bearing, fracture-
toughness, axial-stress fatigue, resistance to stress-corrosion
cracking and fatigue-crack propagation rates have been deter-
mined for a total of 40 lots of 2014-T652, 2024-T852, 7075-
T7352 and 7079-T652 stress-relieved aluminum alloy hand
forgings ranging in thickness from 2 through 6 in.

Tables of computed design mechanical properties and
typical and minimum stress-strain and compressive tangent-
modulus curves were prepared.

Average values of plane-stri:ain stress-intensity
factor, KIc, at 5 per cent secant offset were determined.

Log-mean fatigue-life values were calculated.

The forgings of all four alloys have a high resist-
ance to exfoliation and a high resistance to stress-corrosion
cracking when stressed in the longitudinal direction relative
to the grain flow pattern. In the long and short-transverse
test directions, the resistance to 6CC varied markedly with
res ect to alloy and temper, wizh 7075-T7352 being outstanding,
202 -T852 rating second, and 2014-T652 or 7079-T652 rating
third.

Ihe rate of fatigue crack propagation was found to
vary with the seven orientations tested and to be substantially
faster in a humid atmosphere than Ln a dry atmosphere. For
tests in a salt fog atmosphere it was demonstrated that a
slower rate of loading caused a faster rate of propagation per
cycle. At the lower stress intensiies the alloys rate in the

2014-T,652, 2024-T&52, 7075-17352 end 7079-T652.

Key Words: 2014, 2024, 7075, 7079, aluminum, hand forgings,
tensile, compressive, shear, bearing, fracture-
toughness, fatigue, stress-corrosion, exfoliation,
crack propagation, stress-relieved.
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transmittal to foreign governznnsnts or foreign nationals m, be
made only with prior approval of the Air Force Materials
Laboratory (MAAE), Wright-Patterson Air Force Base, Ohio 45433.

Iii



M•OTION PAGE

I Introduction . . . ........ . 1

II Msterial . . . . . . .. 2

III Procedure . .. .. .. .. .. . .. 3

IV Results of Tests .. .. .. .. . .. 11

V Discussion of Results ..... 12

-____. ______ ___-

VI Summary and Conclusions .. ..... 20

Appendix .. . ....... .... 163

References ..... . ...... 173

V

II !I I Prcdr *. . .. . . * .



LIST OF ILLUTRATIONS

FIGUR3 PAGE

1 Location of Test Sections of Specimens in Cross-
Section of Hand Forgings ........... 23

2 General Dimensions of Tensile, Compressive and
Shear Specimens . . . . . . . . . . . . . . . . 24

3 General Dimensions of Bearing Specimens ..... 25

4 General Dimensions of Tensile end Compressive
SpecimenR for Modulus and Stress-Strain Tests. 26

5 Notch-Bend Fracture Toughness Specimens. ..... 27

6 Compact Tension Fracture Toughness Specimen.. . 28

7 Cantilever-Beam Setup for Fatigue Cracking Notch-
Bend Fracture Toughness Specimens ........... 29

8 Setup for Notch-Bend Fracture Toughness Testing. 30

9 Setup for Compact Tension Fracture Toughness
Testing ............. .................... 31

10 Axial-Stress Fatigue 6pecimen. . . ........ 152

11 Typical Stress-Strain and Compressive Tangent-
Modulus Curves for 2014-T652 Aluminum Alloy
Hand Forgings, 2.001-3.000 in .............. 33.5

12 Minimu•n ("S" Velue) Stress-Strain and Com-rressive
Tangent-Modulus Curves for 2014-T652 Alminun
Alloy Hand Forgings, 2.001-3.000 in. . . .. . .4

13 Tentative Typical Stress-Strain and Compressive
Tangent-Modulus Curves for 2024-T652 Aluminum
Alloy Hand Forgings, 2.001-3.000 in .......... 35

14 Tentative Minimum Stress-Strain and Compressive
Tangent-Modulus Curves for 2024-T652 Aluminum
Alloy Hand Forgings, 2.001-3.000 in .......... 36

15 Typical Stress-Strain and Compressive Tangent-
Modulus Curves for 7075-T7352 Aluminum Alloy
Hand Forgings, 3,001-5.000 in. . . . . . . . . 37

vi



I
It

LIST OF TLUSTRATIONS

(Continued)
FIGURE PAGE

16 Minim=m ("s" Value) Stress-Strain and
Compressive Tangent-Modulus Curves for 7075-
T7352 Aluminum Alloy Hand Forgings, 3.001-
4.o00 in. . . . . . . . . . . . . .38

17 Typical Stress-Strain and Compressive Tangent-
Modulus Curves for 7079-T652 Aluminum Alloy
Hand Forgings, 3.001-5.000 in. . . . . . . . . 39

18 Minimum ("&" Value) Stress-Strain arr

Compressive Thngent-1cauius Curves for 7079-
T652 Aluminum Alloy Hand Forgings, 3.001-4.000 in ...... ................. . . . . 40

19 Axial-Stress Fatigue Curve for 2014-T652 Hand
Forgings ......... . . . . . . . . 41

20 Axial-Suress Fatigue Curve for 2024-T852 Hand
Forgings . ... . ..... .... .. ... . 42

21 Axial-Stress Fatigue Curve for 7075-T7352 Hand
Forgings ...... ............... . . . . . 43

22 Axial-Stress Fatigue Curve for 7079-T652 Hand
Forgings ........ .................... 44

23 0.437-in. Diameter Densile Specimen andStressing Frame . .. .. .. .. .. .. . .. 45 t

24 0.125-!n. Diameter Tensile Specimen For Stress-
Corrosion 1P\3sts ...... ................ ... 46

25 Macroetched 'Transverse Section of 2x8-in. Hand
Forging of 2014-1652 Alloy. . ......... .47

26 Macroetched Transverse Section of 3x12-in. Hand
Forging of 201L-T652 Alloy .... .......... ... 48

27 Macroetched Tensverse bection of 4x1 6 -in. Hand
Forging of 2014-1652 Alloy ..... .......... 49

28 Macroetched Half of Transverse Section. of
5x20-in. Hand Forging of 2014-T652 Alloy . . . 50

29 Macroetched Half of Transverse Section of
6x20-in. Hand Forging of 2014-T652 Alloy . . . 51

vii



>~1
*I~

LIST OFfILLUSTRATIONS(Continued)

FIGUR PAGE

30 Shows the 1/8-in. Diameter Tensile Specimen,
the Various Parts of the Stressing Frame and
the Final Stressed Assembly. . . . . . . . . . .. 52

31 Synchronous Loading Device Used to Stress
Specimens. . . . . . . . . . . . ........ . 52

32 Equipment for Alternate Imersion Corrosion Tests. 53

53 dection Illustrating an Auxiliary Crack in Long-
Transverse Specimens from 2-in. Thick 201 4-T52
Forging Which Failed at a Stress Equal to 75 Per
Cent Yield Stress ...... ................ 54

34 Illustrates the Intergranular Character of the V
Crack Shown in Fig. 33, Indicating Meat Failure
Was Result of Stress-Corrosion Cracking ..... 54

35 Section Illustrating an Auxiliery Crack in Long-
Transverse Specimen from 4-in. Thick 7079-T652
Forging which Failed at a Stress Equal to 75
Per Cent Yield Stress ..... .............. ... 55

36 Illustrates the Intergranular Character of the
Crack Shown in Fig. 35, Indicating That Failure
Was Result of Stress-Corrosion Cracking ..... ... 55

37 Section Illustrating Fine Crack E~manating From the
BPe of a Corrosion Pit ., Spocimen from 4-in.
Thick 7075-T73152 Forglng Which Failed at a
Stress Equal to 75 Per Cent Yield Stress . . . . 56

38 Illustrates the TransgrAnulnr Character of the
Crack Shown in Fig. 37, Indicating that Fracture

Was Due to Tensile Overload Resulting from
Severe Localized Corrosion .... ............. 56

39 Section Illustrating Fine Auxiliary Crack in
Specimen from 3-in. Thick 7075)-17352 Forging
which Failed at a 6tress Equal to 75 Per Cent
Yield Stress ........ .................. . . 57

40 Illustrates the Intergranular Character of the
Crack Shown in Fig. 39, Indicating that Failure
Was the Result of Stress-Ccrrosion Cracking. . . 57

viii



LIST OF ILLUSTRATIO0
(Continued)FIGURE PAGE

41 Center-Notched Fatigue Specimen (Mild Notch) . . 58

42 Orientations of F'tAgue-Crack Propagation
Specimens. . . . . . . . . . . . . . . . . . . 59

43 Center-Notched Fotigue Specimen (Sharp Notch).. 60

44 Short-Transverse Center-Notched Fatigue Specimen 61

45 Elox Notched Crack Propagation Specimen..... 62

46 Crack Propagation Specimen in Environmental
Chamber. . . . . . . . . . . . . . . . . . . . 63

47 50,000-lb Structural Fatigue lMchine Used for
Crack Propagation Studies. . . . . . . . . 64

48 Fixtures for Crack Propagation Tests of Short-

Transverse Specimens . . .. & a D •. • • • 65

49 Fatigue-Crack Propagation of 2014-1652 Forginga
at a Gross Stress of 8.2 ksi . o . . . . . . . 66

50 Rate of Fatigue-Crack Propagation of 2014-T652
Forgings at a Gross Stress of 8.2 ksi. . . . . 67

51 Fatigue-Crack Propagation of 2014-'T652 Forgings
at a Gross Stress of 12.5 ksi. . . . o . . . . 68

52 Rate of Crack Propagation of 2014-T652 Forgings
at a Gross Stress of 12.5 ksl. . a . . .. . . 69

53 Effect of Shape of Notch on Fatigue-Crack Propa-
gation of 2014-T652 Forgings at a Gross 6tress
of 8.2 ksi . . . . . . . . . . . . . . . . . . 70

54 Effect of 'Shape of Notch on Rnte of Crack Propa-
gation of 20141-T652 Forgings nt a Gross Stress
of 8.2 ksi . . . . . . . . . . . . . . . . . . 71

55 Effect of Shape of Notch on Fqtigue-Crack Propa-
gation of 2014-T652 Forgings at a Gross Stress
of 12.5 ksi. . . . . . . . . . . . . . . . . . 72

56 Effect of Shape of Notch on Rate of Crack Propa-
gation of 2014-T652 Forging at a Gross Stress of
12.5 ksi . . . . . . . . . . . . . . . . . . . 73

ix



LIST Or ILLUSTRATIONS
(Continued)

FIGURE PAGE

57 Structure in the Surface Region of Fatigue-Crack
Propagation of 2014-T652 Specimens . . . . . 74

58 Effect of Specimen Length on Fatigue-Crack
Propagation of 2014-1652 Forgings, 8.2 ksi . 75

59 Effect of Specimen Length on Rate of Crack
Propagation of 2014-T652 Forgings, 8.2 ksi . 76

60 Effect of Specimen Length on Fatigue-Crack
Propagation of 2014-T652 Forgings, 12.5 ksi. 77

61 Effect of Specimen Length on Fte of Crack
Propagation of 2014-T652 Forgings at 12.5 ksi 78

62 Effect of Change in Load on Fatigue-Crack
Propagation of 2014-T652 Forgings .......... 79

63 Effect of Change of Load on Rate of Crack
Propagation in 2014-T652 Forgings .......... 80

64 Effect of Reauction in Load on F.,tigue-Crack
Propagation of 201d-T652 Forgings, 8.2 ksi . Il

65 Effect of Reduction in Lond on Rate of Crack
Propagation of 204-1652 Forgings at 8.2 ksi 82

66 Effect of ilncrease of Load on Fatigue-Crack
Propagation of 20i4-T'52 Foigings ........ 63

U I 1:fcot o~f Dncr2_!ize in 1r-ý!c_ oni Rate. of C'rpck
Propagation of 2014-T652 Forg s.s ........ . .

68 Effect of Stress Level on Fatigue-Crack
Propagation of Long-Transverse Specimens from
2021- T852 Forgingr....... . . ....... 85

69 Effect of Stress Level on R! te of Crack Propega-
tion of Long-Tronsverse Specimens from a
2024-T852 Forging. .................. . . 86

70 Effect of Stress Level on Fatigue-Crack Propaga-
tion of Long-Trensverse Specimens from a 7075-
T7352 Forging .......................... 87

71 Effect of Stress Level on Rate of Crack Propaga-
tion of Long-Transverse Specimens from a
7075-7T731"2 Forging ..... ............. . 88

x



LIST 0F ILLUST AIONS
'Continued)

FIGURE PAGE

72 Effect of Stress Level on Fstigue-Crack
Propagation of Lcng-lfransverse Specimens
froma7079-652 Forging. . . . . . . . . . . . 89

73 Effect of Stres3 Level on Rate of Crack
Propagation of Long-Thansverse Specimens from
a 7079-T652 Forging ...................... 90

74 tffecL of Stress Level oni Fatigue-Crack
Propagation of' Longitudinal Specimens from a
7075-T7352 Forging... . . . ................. 91

75 Effect of Stres2s Level on hate of Crack
Propagation of Lorngitudinnl bpecimens from a
7075-~T752 Forging .. ............... . . . 92H

76 E~ffect of Stress i(eiýl on Fatigue-Crack
Propagation of Longitudinal Specimens from a
7079-7T65" Forging ........ ... ............ 93

77 Effect of Stress Leve. on R-te of Crack
Propagation of Longritudinal Specimens from a
7079-1652 Forging ...... ............ .......- 94

78 Effect of Stress Level on Patigue-Crack I
Pr'opagation of Loangitunal Specimens from a
7075-173)52 Forging. ............. . 95

79 Effct of 3tress Leývel on Fvte of Crack
Propagation of' Groin-Rinout Specimens from a
7075-7T7352 Forging. . ........ ............... 96

80 Effect of SLress I-evel or, Fwtigue-Crnck
Propagation of' rnin-RuanouL Specimens from a
7079- T652 Forging ........ ... ........... .. 97

81 Effect of Stress Leval on I-,te of Crac,
Propagation of LnGr tuin- lruout Specimens from a
7079-f65ý2 Forging .............. ........... . 98

82 Effect of Stress Levi on Fatigue-Crack
Propagation of Snor;i-Run vrt Specimens f
from e 7075--f7 752 F orgirg.. ............... . 99

83 Effect of Stress Level on Rate of Crack Propa-
gation of Short-Pransvurse Specimens from a
7075-T73.32 Forging. . ...... ................ 100

81 Efectof Sressb~ve oni teo rc



LIST OF( ILLU"TRATIONS
(Continued)

FIGURE PAGE

84 Effect of Stress Level on Fatigue-Crack
Propagation of Short-Transverse Specimens
from a 7079-T652 Forging ......... .. 101

85 Effect of Stress Level on Pate of Crack
Propagation of Short-Transverse Specimens
from a 7079-1652 Forging .......... 10. . .

86 Effect of Orientation on Fatigue-Crack

Propagation of Long-Transverse Specimens
from 7075-T7352 Forgings .... ........... ... 103

87 Effect of Orientation on Rate of Crack
Propagation of Long-Transverse Specimens
from a 7075-.17352 Forging .......... . . . . 104•1

88 Effect of Orientation on Fatigue-Crack
Propagation of Long-Transverse Specimens
from 7079-T652 Forgings ................... 105

89 Effect of Orientation on Rate of Crack
Propagation of Long-Transverse Specimens
from a 7079-T652 Forging ...... ........... 2.06 I

90 Effect of Orientation on Fatigue-Crmck
Propagation of Longitudinal Specimens
from 7075-i7352 Forgings .............. ... 107

91 Effect of Orientation on Rate of Crack
Propagation of Longitudinal 3pecimens
from a 70-75-T7352 Forging . . . . ........... 108

92 Effect of Orientation on Fatigue-Crsck
Propagation of Longitudinal Specimens from
a 7079-T6f52 Forging .... .............. 1o9

93 Effect of Orientation on R-te of Propagation
of Longitudinal Specimens from a 7079-T652
Forging ........... .................... . ...O

94 Effect of Orientation on Fatigue-Crack Propa-
gation of 7075-T7352 Forgings at a Gross
Stress oL 12.5 ks'L ..................... Ila

95 Effect of Orientation on Rate of Crack Propa-
gation of 7075-17352 Forgings at a Gross
Stress of 12.5 ksi ........ .............. 112

xii

~ S , .. .... .. ...... a 4 r- 3W 4r tS t mitfl S , r



. . . . . .. . . . . . . .1.• . . . . .

. --- .. ..-- -"-. I

LIST Or ILLUSTRAT'IONS
(Continued)

FIGURE PAGE

96 Effect of Orientation on Fatigue-Crack
Propagation of 7079-T652 Forgings at a
Gross Stress of 12.5 ks± . . . . . . . . . . 113

97 Effect of Orientation on Pate of Crack
Propagation of 7079-7652 Forgings at e
Gross Stress of 12.5 ksi. .. . . . . . . . 114

98 Effect of Orientation on Fatigue-Crack
Propagation of Short-Transverse Specimens
from a 7075-T7352 Forging .............. . 115

99 Effect of Orientation on Rate of Crack
Propagation of Short-Transverse Specimens
from a 7075-TZ352 Forging. . . . . . . . . . 116

100 Effect of Orientation on Fatigue-Crack
Propagation of S3hort-Transverse Specimensfrom~ 779-L652 Forging...7

10i Effect of Orientation on Rate of Crack
Propagation of Short-Transverse Specimens
from a 7079-T652 Forging .......... . . . . 118

102 ýf'fect of Environment on F- zigue-Crack
Propagation of Long-Transverse Specimens
from a 7075-T7352 Forging ............... 119

103 Effect of Environment on Rate of Crack
Fropagation of long-Transverse Specimens
from a 7075-T7352 Forging ............ . . 120

!04 Effect of Environment on Fatigue-Crack
Propagation of Long-Transverse Specimens
from a 7079--T652 Forging ............. ... 121

105 Effect of Environment on Rate of Crack
Propagation of Long-Transverse Specimens
from a 7079-_T652 Forging . . . . . . . . 122

io6 Effect of Rate of Loading on Fatigue-Crack
Propagation of 7075-T7352 Forgings in a
Salt Fog Atmosphere ............ . . . . 123

107 Effect of Rnte of Loading on Rate of Crack
Propagation of 7075-T7352 Forgings in a Salt
Fog Atmosphere ......................... 124

xiii.iil

-'A '•• :1.,••,• • .,• • •V •., ,4 • •• r • I'4" •×s ' • ' • • • • • •• -"-"• • •" - - - - -•* . .



-•. . .. . .- A " - .. . .. . .. .. .

LIST OF JLLU6TRATIONS
(Concluded)

FIGUE PAGE

108 Effect of Rate of Loading on Fatigue-Crack
Propagation of 7079-T652 Forgings in a
Salt Fog Atmosphere ................ .125

109 Effect of Rate of Loading on Rate of Crack
Propagation of 7079-T652 Forgings in a
Salt Fog Atmosphere. . . . . . ......... 126

110 Effect of Alloy on Rate of Fatigue-Crack
Propagation in Hand Forgings ... ........ ... 127

ill Rate of Fp.tiue-Crack PropagaUon for Several
Products of Alloy Types 7075-T735X and

- 7079-T65XX . . . . . . . . . . . . . . . . . 128

*

xiv



LIST OF W31LS

TABLE PAGE

I Description and Chemical Compositions of Stress-
Relieved Aluminum Alloy Hand Forgings ..... 129

II Mechanical Properties of Stress-Relieved 2014-
T652 Aluminum Alloy Hand Forgings . . . . . . . 130

III Mechanical Properties of Stress-Relieved 2024-
T652 Aluminum Alloy Hand Forgings . . . . . . . 131

IV Mechanical Properties of Stress-Relieved 7075-
T7,352 Aluminum Alloy Hand Forgings. . . . . . . 132

V Mechanical Properties of Stress-Relieved 7079-
T652 AlUtminum Alloy Hand Forgings . . . . . . . 133

VI Specified Minimum Values for Stress-Relieved
Aluminum Alloy Hand Forgings ............... 134

VII Ratios Among the Tensile, Compressive, Shear and
Bearing Properties of Stress-Relieved Aluminum
Alloy Hand Forgings ..... ............... 135

VIII Statistical Analyses of Ratios Among Tensile,
Compressive, Shear and Edgewise Bearing
Properties of Stress-Relieved 2014-T651 Hand
Forgings ....... ................ . . . . . 136

fL. Statistical Analyses of Ratios Among Tensile,
Compressive, Shear and Edgewise Bearing
Properties of Stress-Relieved 2024- 652 Hand
Forgings ......... .................... ... 137

X Statistical Analyses of Ratios Among Tensile,
Compressive, Shear and Edgewise Bearing
Properties of Stress-Relieved 7075-T7352 Hand
Forgings ....... .................... ... 138

XI Statistical Analyses of Ratios Among Tensile,
Compressive, Shear and Edgewise Bearing
Properties of Stress-Relieved 7079-T652 Hand
Forgings ........ ..................... . . 139

XII Ratios for Computing Design Mechanical Properties
of Stress-Relieved 2014-T652 Hand Forgings. . . 140

XIII Ratios for Computing Design Mechanical Properties
of Stress-Relieved 2024-T652 Hand Forgings. . . 141

xv



I ii • i .. . L• ii •••i-• -.• _ __ .... . __

LIST OF TkBLES

(Continued)

TABLE PAGE

XIV Ratios for Computing Design Mechanical Properties
of Stress-Relieved 7075-T7352 Hand Forgings . . 142

XV Ratios for Computing Design Mechanical Properties
of Stress-Relieved 7079-T652 Hand Forgings. .*. 143

XVI Computed Design Mechanical Properties of 2014-.T652
Aluminum Alloy Hand Forgings ............... 144

XVII Tentative Computed Design Mechanical Properties
of 2024- 52 Aluminum Alloy Hand Forgings . . . 145

XVIII Computed D0sign Mechanical Properties of 7075-
T7352 Aluminum Alloy Hand Forgings ..... .... 146

XIX Computed Design Mechanical Properties of 7079-T652
Aluminum Alloy Hand Forgings ...... .......... 147

XX Results of Tensile and Compressive Stress-Strain
and Modulus of Elasticity Tests ..... ........ 148

XXI Average Modulus Values of 2 to 6-in. Thick Stress-
Relieved Aluminum Alloy Hand Forgings ... ..... 149

XXII Results of Notch-Bend Fr-acture Toughness Tests of
SLress-Relieved Alurinum Alloy Hand Forgings.. i50

XXIII Summary of 1eaningful Kic Values for Stress-
Relieved Aluminum Alloy Hand Forgings ... ..... 154

XXIV Results of Long-Transverse Axial-Stress Fatigue
Tests of Stress-Relieved Aluminum Alloy Hand
Forgings (R=0.0) ...... ................ ... 155

XXV Scope of Corrosion Tests of Stress-Relieved
Aluminum Alloy Hand Forgings ...... .......... 156

XXVI Results of Stress-Corrosion Tests of Longitudinal
and Long-Transverse Specimens ............ ... 157

XXVII Per Cent Reduction In Tensile Strength by
Corrosion of Longitudinal and Long-Transverse
Specimens, 0.437-in. Diameter ..... ......... 158

XXVIII Results of Stress-Corrosion Tests of Short-
Transverse Specimens ..... .............. ... 159

xvi



LIST OF TABLES
(Continued)

TABLE PAGE

XXIX Per Cent Reduction in Tensile Strength by
Corrosion of Short-Transverse Specimens,
0.125-in. Diameter . . . . . . . . . . . . . . 160

XXX Results of Supplementary Stress-Corrosion Tests
of Short-Transverse Specimens. . . . . . . . . 161

XXXI Schedule of Fatigue-Crack Propagation Tests. . . 162

XXXII Crack Propagation for Center-Notched Fatigue
Specimens. 6x24-in. 2011 -CT5ý Hd Forg1ngs,
Long-Transverse Specimens, Geometrical Vari-
ables ConstanL-Load Tests, Stress Ratio= 1/5 . 164

XXXIII Crack Propagation for C nrter-Notched Fatigue
--4 Specimens. 6x24-in. 2014-T652 Hand Forging,

zLong-TPransverse Specimens, Load Changes,
Stress Retio=l/3 ...... ............... 165

XXXIV Crack Propagation for Center-Cracked Fatigue
Specimens. 6x24-in. 2024-T352 Hand Forging,
Long- Transverse Specimens, Constant-Load
Tests, Stress Ratio=i/3 ................. ... 166

XM0V Crack Propagation for Conter-Cracked Fptigue
Specimens. ox24-in. 7075-T7352 Hand Forging,
Longitudinal and Grain-Runout Specimens,
Constant-Load Ta z, Sreszs Rntio=l/ý5. . . . . 167

XXXVI Crack Fropagation for Center-Cracked Fetigue
Specimens. 6x2d-in. 70715-17352 Hand Forgings,
Short-T ransver.;e cnd Long-Pransverse Speci-
mens, Constant-Loat Tests, btress Ratio=i/3. . 168

XXXVII Crack Propagation for Oen.er-Notched Fatigue
SpecLmens. 6x2?--in. 707-5--T7352 Hand Forgings,
Long-Transverse Specimens, Controlled
Environment, Constsnt-Lead Tests, Stress
Ratio=l/3 ................... 169

XXXVIII Crack Propagation for Center-Cracked Fatigue
Spec2.mens. 6x24-in. '(079-T652 :and Forging,
Longitudinal and Grain-Runout Specimens,
Constant-Load Tests, Stress .a..c=./3 . ... 170

XXXIX Crack Propagation for Center-Crecked Fatigue
Specimens. 6x24-in. 7379-1652 Hand Forging,
Long- Transverse and Short -Transverse Specimens,
Constant-Load Tests, Stress Ratio=l/3 . . .. . 171

xvii



I

I I

LIST OF TABLES

(Concluded)

TABLE PAGE

XL Creck Propagation for Canter-Notched Fatigue
Specimens. 6x24-in. 7079-7652 Hand Forgings,
Long-Transverse Specimens, Controlled
Environment, Constant-Load Tests, StressRat io-1/• .. . . . . . . . . . . . . . . . . . . 172

xviii



SECTION I

ITRODUCTION

The design mechanical properties, fracture toughness,
corrosion characteristics and fatigue-crack propagation rates
are four of the most important factors involved in the selection
of materials and efficient design of aerospace structures. The
importance of these characteristics has been emphasized by the
extensive investigations mnde in recent years to obtain such
information for aluminum alloy plate and extrusions (1-4). It
is particularly timely that similar data be developed for
aluminum alloy hand forgings since (a) much of the published
design data has become obsolete by a change in the basis of
specifying minimum tensile properties, from one in which the
length, width, thickness and cross-sectional area were considered,
to one where only the thickness and cross-sectional area are
involved; (b) the development of a technique of stress-relieval
by cold work in compression has resulted in new tempers (TX52)
for many of the alloys; and (c) there have been some significant
problems related to the fracture and stress-corrosion character-
istics of forged parts.

Accordingly, the properties of some 2 through 6-in.
thick stress-relieved 2014-1652, 2024-T852, 7075-tT352 and
7079-T652 aluminum alloy hand forgings have been determined in
this investigation. The data were obtained to establish design
mechanical properties for use in MIL-HDBK-5A(5), including
typical and minimum stress-strain and compressive tangent-
modulus curves. In addition, data concerning the fracture
toughness, axial-stress fatigue, stress-corrosion, exfoliation
and fatigue-crack propagation characteristics of a selected
number of the hand forgings have been obtained.
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SECTION II

MATERIAL

A total of forty 2014-T652, 2024-T852, 7075-(7352 and
279-T652 hand forgings were produced by the Cleveland Works of

coa for this investigation. Each of the forgings was fabri-
cated independently to represent an individual lot of material.

The identity, size and chemical composition of the
individual hand forgings together with the respective specified
composition limits are shown in Table I.

These forgings represent the range of sizes usually
encountered in commercial production with regard to thickness
and width/thickness ratio. The thicknesses ranged from 2
through bin., the widths from 5 through 24 in., and the width/
thickness ratios from 1 through 4.

The chemical compositions of the forgings are within
the applicable limits specified in Federal Specification
QQ-A-367g, Military Specification MIL-A-22771C and "Aluminum
Standards and Data ', The Aluminum Association(6).

The samples were solution heats treated, cold worked
and artificially aged in accordance with Military Specification
MIL-H{-6088D and the recommendations given in "Aluminum Standards
and Data"(6). The 7075-T(352 samples were stress-relieved and
aged to meet the requirements of paragraph 4.10 of Federal
Specification QQ-A-367g and Paragraph 4.b.5.1 of Military
Specification MIL-A-22771C.
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SECTION III

PROCEDURE

A. Mechanical Pro2erties

A.1. Tensile, Compressive, Shear and Bearing

The specimens and test procedures were, in general,
in accordance with ASTM methods, and the same as those used in
previous investigations of plato and extrusions(l-4). These
methods are essentially in agreement with Federal Test Method
151(7).

The tests were conducted with the smallest suitable
load ranges of' an Amsler 20,000-lb (Type l0SZBDA58), an Olsen
Electomatic 30,000-1b, or a Southwark-Thte-Emery 50,000-lb
capacity Univers8l Testing Mschine. The machines were cali-
brated pricr to and during the investigation; the accuracy of
each was within that required by ASTM(8) and Federal Specifica-
tions.

Single specimens were tested except in a few instances
where a review of the date indicated that check tests were
needed.

All specimens were taken so that the test sections
were within the center third of the cross-section of the forging
as illustrated in Fig. 1. Tensile, compressive and shear tests
were made of specimens taken in the longitudinal, long-transverse
and short-transverse directions; bearing tests were made of
longitudinal and long-transverse edgewise specimens.

The nominal dimensions of the specimens are shown in
Figs. 2, and 4.

Tensile tests were made in accordance with ASTM
t thods E8(9) with 1/2-in, diameter tapered-seat specimens
except where it was nece.•;.ary (in the short-transverse direc-
tion) to use subsize round specimens (Fig. 2).

The compressive tests were made in accordance with
ASTM Methods E9(10) using a subpress (Fig. 3 of ASTM Methods E9).
The specimens were cylindrical, 1/2 in. in diameter x 1-7/8 in.
long, with a slenderness ratio (2/r) of 15 (Fig. 2).

Tensile and compressive yield stresses were determined
from autographic load-strain diagrams at 0.2 per cent offset.
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Tasts to determine the ultimate shear stress were made
using 3/8-in. diameter specimens (Fig. 2) taken from the same
locations as the tensile specimens, except that tests of short-
transverse specimens were made only on forgings 3 in. or more in
thickness. AIl tests were made with a relatively rigid double-
shear tool, wherein a 1-in. length is sheared from a 3-in. long
specimen, the end thirds being supported throughout their
lengths. In the tests of longitudinal and long-transverse
specimens, the loads were applied in the direction normal to
the major surface of the forging; in the tests of short-
transverse specimens, the loads were applied in the direction
parallel to the major axis of the forging(ll).

The bearing tests were made in accordance with ASTM
Method E238(12), using longitudinal and long-transverse edgewise
specimens, 0.094 in. thick x 1-1/2 in. wide, with a 0.575-in.
diameter hole (Fig. 3). The specimens and test 'Lxtures were
cleaned ultrasonically in a suitable nontoxic solvent prior to
testing. The bearing ultimate stresses and yield stresses were
determined at edge distances of' 1.5 and 2.0 times the pin
diameter. The bearing yield stress was determined as the stress
at a permanent deformation of 2 per cent of the pin diameter as
indicated on autographic load-def orme*ion diagrams.

Tensile and compressive stress-st.rin tests, including
modulus determinations, were made of longitudinal, long-
transverse and short-transverse specimens taken from a selected
number of the samples. The tests were conducted in accordance
with ASTM Method Ell(13) wIth uniform-reduced--ection specimens
(Fig. 4). In all tests, the strains were measured over a 2-in.
gage length with two Tuckerman optical strain gages positioned
diametrically opposite on the specimen. A calibration made of
the instruments prior to "'a ctsr; of those test2 indicated
that they meet the ASTM requirements of a Class A extensometer
(14). The values of moduli of elasticity were deternLined by
the s-rain-deviation method described in ASTM tethod Ell(13).
Based on these selected tests, representative typical and
minimum tensile and compressive stress-strain curves and com-
pressive tangent-modulus curves were developed using the
procedures outlined in Sections 3.2.3, 3.2.5 and 3.V.6 of
TechnIcal Report AFMLv-TR-66-386(15).

A.2. Fracture Toughncsz9

Fracture toughLess tests were made ow a selected
number of the samples using fatigue-cracked notch-bend specimens
of the types shown in Fig. 5; In each case, ,he largest possible
size of specimen was Used. The dimensions of the specimens and
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the test procedures were essentially in accordance with the ASTM
Proposed Method of Test For Plane-Strain Fracture Toughness of
Metallic Materials (16).

Tests were made of triplicate longitudinal (Lw), long-
transverse (WL) and short-transverse (TL) specimens from each of
the selected samples,* In the tests of the 6x24-in. 7075-T7352
forging (Sample No. 341036) in the TL direction, the largest
notch-bend specimen that could be obtained from the sample was
not of sufficient thickness to develop a valid test; therefore,
comDact tension fracture-toughness specimens of the type shown
in Fig. 6 were also used. These tests were made in accordance
with the ASTM Method for Plane Strain Fracture Toughness Testing
of Metallic Materiass(16).

The notch-bend specimens (Fig. 5) were fatigue-cracked
bj cantilever bending (R•-1.0) in a Sorntag SF-4 machine at
3b5O cpm; the setup is shown in Fig. 7. The compact tension
specimens (Fig. 6) were fatigua-cracked by axial loading
(R=+O.1) in Krouse fatigue machines at 1750 cpm.

The setups used for making the fracture-toughness
tests of Lhe notch-bend and 3ompact tension specimens are shown
in Figs. 8 and 9, respectively. The tests were made in a
30 000-lb ce-aocity Olsen screw-driven testing machine, and
load versus crack opening-5isplacement (COD) curves were
obtained autogrephica~ly with a M-siey X-Y plotter. For each
test. a candidate vqlue of the criAcal plane-strain stress
intensity f!0ctor, K,, was calculated using the load at which
there was a crack extension of about 2 per cent of the original
crack length, as iniicEle4 on the autographic load-displacementcurv'e. Thir c• we doze -•b• by" "

ur pplying the appropriate
secant offset of 5 per cent for both the notch-bend and compactuension testst to the au-cgraphic curves.

'he k< values were considered to be meaningful values
of KIc, if they met the following criteria:

a. The thickness end crack length of the specimen
were large with respect to t.he sine of the plastic zone at the

* A .wo-lc~ter system Is used to describe the orientation of
the fracture-toughness specimens: t•e first letter indicates
the dlirection of a line normal to the crack plane and the
seccid l iter Indlca.es the direction of crack growth.
L - i-angth of forging.; W - Widtn of forging; T - Thickness of
forging.

t Recent ac-3ion of ASTI[ Committee £2'4 has made the secant offset
for compact tension F;pecimens 5 per celt instead of 4 per cent
as shown in Ref. 16.
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crack tip. Tis requirement was considered to have been met if
the thickness and crack length of the test specin were equal
to or greater than 2.5 times the ratio (KQ/Oys)•

b. ebst of the deviation from linearity in the load-
displacement curve prior to the secant-offset intersection was
caused by crack extension, rather than plastic deformation of
the specimen. This requirement was considered to have been met
if the horizontal displacement of the load-displacement curve
from the initial slope at the load equal to 80 per cent of the
load at the secant offset intercept was not more then 1/4 of
the displacement at the secant offset intercept.

c. The fatigue-crack front was sufficiently extended
from the machined notch, and was not excessively curved or out
of plane.

d. The specimen was fatigue cracked at a stress

intensity which was less than half of the calculated Kvalue,
or 0.0012in. times Young's modulus for the material, whicheverwas smaller.*

In some instances, KO values were interpreted to be
meaningful values of KTc if the criteria a, c and d* were
exceeded by only a slight margin, as noted in Table XXII.

A.3. Axial-Stress Fptigue

Axial-stress fatigue tests were made on smooth
specimens of the type shown in Fig. 10. Three long-transverse
specLmens were tested from each of several selected samples.
They were tested at three stress levels (R=0.0) in Krouse
fatigue machines operating at 1725 cpm.

B. Corrosion Characteristics

A complete outline of the corrosion tests is given in
Table XXV.

B.1. Stress-Corrosion Cracking .(SCC)

FRve hand forgeegs of each alloy and temper were stress-

•Recent action of ASTM Committee E24 has moved the limit onstress intensity for fatigue. cracking to 60 per cent of KIc,
although this is not yet published in ASTM Standards.
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corrosion tested. All were tested in the short-transverse
direction, and the 2, 4 and 6-in. thick forgings were also
tested in the longitudinal and long-transverse directions
relative to the grain flow. Tensile specimens, 0.437 in. in
diameter (Fig. 23), were employed for the longitudinal andlong-transverse test directions, and tensile specimens, 0.125
in. in diameter (Figs. 24 and 25), were used to test the short-
transverse direction. The test specimens wee'e confined to a
2-in. thick x 6-3/8-in. wide block centered on the midplane
(T/2) and on the center-line (W/2) of the forging. Inspection
of macroetched slices (Figs. 25-29) indicated that this loca-
tion would provide specimens with the desired orientation
relative to the grain flow pattern.

The tensile specimens were stressed in "constant
strain' type fixtures (Figs. 23 and 30) by means of loading
devices of the type shown in Fig. 31. During exposure, the
ends of the specimen and the stressing frames were protected by
means of an appropriate coating so that only the test section
of the specimen was exposed.

Stressed and unstressed specimens were exposed to the

3.5% NaC1 alternate-immersion test. The sodium chloride
solution was made with salt of 99.7-per cent purity and New
Kensington tap water. Tap water was used because large volumes
of water were required and because New Kensington tap water is
essentially free of heavy metals. Water lost by evaporation
was replaced by additions of tap water, and the salt concentra-
tion was regularly checked and adjusted as necessary. The
solution was changed monthly and at each change the specimens
were cleaned by spraying with tap water.

The alternate-immersion cycle consisted of total
immersion of specimens for 10 minutes and aeration above the

* solution for 50 minutes. This cycle was continued 24 hours a
day for the entire test period. The test equipment (Fig. 32)
consists of large stationary painted aluminum alloy tanks with
the specimens supported on an open aluminum alloy (6061-T6)
framework that is raised and lowered to provide the alternate-
immersion cycle.

The alternate-immersion test was conducted in a large i
laboratory room at ambient temperature and humidity. Both the
sir temperature and solution temperature were subject to
seasonal variation, and ambient conditions had the typical
ranges shown below.
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Yhy to September: air temperature ..... .68 to 90 F
solution temperature . . . 64 to 72 F
relative humidity . . . . . 35 to 70%

October to April: air temperature . . . . . . 62 to 78 F
solution temperature . - . 58 to 8 F
relative humidity . . . . . 25 to 60%

Naasurements have shown that the temperature of the
test specimens themselves remain within 2 to 3 degrees of the
solution temperature throughout the drying cycle.

All specimens that failed during exposure were
inspected visually, and representative failures were examinea
microscopically to verify that stress-corrosion cracking (SCC)
was the cause of failure. In addition, the tensile specimens
that did not fail during exposure were tension tested to
determine the change in ultimate tensile strength caused by
corrosion. For comparison, control specimens that had been
concurrently exposed without stress were also tested.

Many years of experience at Alcoa Research Laborator-
ies in stress-corrosion testing various products made of the
alloys included in this program have shown that the 3.5% NaCI
alternate-immersion test relates very well to seacoast atmos-
pheric exposures(17). Mhat is, test specimens stressed to
various levels at which SCC occurs in the alternate-immersion
test also will fail when exposed to a seacoast atmosphere, and
test specimens that are resistant to SCC in the alternate-
imnersion test will be rebistant in both seacoast and industrial
atmospheres, also. A partial exception to the latter exists
with 7079 alloy which, at low stress levels, has a higher
probability of 3CC in the atmosphere than in the 3.5% NaCM
alternate-immersion test (18).

B.2. Exfoliation

Because exfoliation of aluminum alloy forgings 'is
relatively infrequent in service exfoliation tests were
restricted to only two sizes (2xA in. and 6x24 in.) of forgings
of each alloy.

Two panels, 4x6 in. in size, were machined from each
forging. One panel was machined so as to place the test
surface at 10 per cent of the forging thickness to rtpresent
parts which would receive slight machining, and the second
panel was machined to mid-thickness (T/2 plane), to simulate
extensively machined material.

8
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The test panels were exposed at a 45 degree angle to
an acidified salt spray in a cabinet designed to meet the
requirements of ASTM Method B287-68 for acidified salt spray
tests(19). The test conditions were the same as those required
by ASTM except for the following variations which develop more
severe exfoliation attack than the standard ASTM test:

(1) Operating temperature was 120 F, rather than 95 F.

(2) Specimens were intermittently sprayed in 6-hr
repetitive cycles, consisting of 3/4-hr spray time, 2 hours of
dry-air purge, 3-1/4 hours at 100-per cent relative humidity.

The specimens were inspected daily, and at the
termination of the two-week exposure period, the panels were
chemically cleaned and visually examined for evidence of
exfol!ation attack. Previous testing experience has shown that
test results from this accelerated test can be correlated with
exposure tests in a seacoast atmosphere(20).

C. Fatigue-Crack-Propagation Tests

These tests were performed only on forgings of
6x24-in. cross section. Table XXXI gives the schedule of the
tests, with pertinent information regarding type of notch,
specimen proportions and orientation within the forging, test
environment and the stress conditions under which cracks were
propagated.

In previous tests of this kind on thick plate and
extrusions (2,3 and 21), extensive use was made of the mild
notch crack s!trter shown in Fig. 41. Because of the eccentric
cracking often obtained, however, it was decided that a sharper
notch should be tried. Details of a "sharp" notch are shown
in Figs. IL3 and and 44 for 24-in, and 6-in. long specimens.
Comparative tests of the two notch designs in the 2014-T652
forging showed that crack initiation and propagation with the
sharp notch was still not as uniform as desired. Accordingly,
the Eaox notch shown in Fig. 45 was adopted for the remainder
of the program. With this design it was necessary to propagate
a fatigue crack from the 0.2-in. initial notch width to a total
of 0.5 in., where me-,asurements of crack-propagation rates were
begun. Crack initiation was produced by cycling the specimensto a maximum gross tensile s-;ss of 12.5 ksi. The machine load
was then adjusted, as scheduled, to the test stress and the
cracking continued to produce a 0.5-in. notch length.

In a few teIts, limited to the 2014-T652 forging, the
maximum stress in the test cycle was increased, or decreased,
after the total lengLh of notch plus crack reached 1.0 in.



The majority of tests were made in laboratory air
having a wide range of relative humidity. The humidity was
monitored during each test and the range of values recorded.
In a few tests made in a controlled atmospheric environment
the specimens were enclosed in the container shown in Fig. 46.
Dry air, having a relative humidity of 10%, was obtained by
use of a dessicant. High relative humidity, above 90%, was
obtained by having a small water reservoir within the specimen
enclosure. balt fog was obtained by spraying a 35% N801 sea-
water solution into the container at 15-minute intervals. The
humidity was maintained at a high leve. by means of salt
water in the reservoir.

Crack-propagation characteristics were investigated
in the three principal directions of the 7075-T7352 and
7079-T652 forgings. Also, specimens were tnken from one
skewed direction to provide a condition of grain runout. It
was assumed, on the basis of the comparative tests of 6 -in.
and 24-in. long sharp-notched specimens, taken from the same
direction in the 201 4-T652 forging, that specimen length was
not a significant factor in evaluating directional effects.

The fetigue-crack-propagation tests were made in
machines of 50,000-lb capacity. Pictures of these, with some
of the fixtures used, are shown in Figs. 47 and 48.

Crack propagation was deduced from lengths measured
at the surfaces of the specimen with a magnifying glass and
scale, the latter graduated in 0.01 in. More precise measure-
ments did not seem justified because the cracks tended to propa-
gate on a convex front.
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SECTION IV

RESULT6 OF TESTS

The results of the individual tensile, compressive,
shear and bearing tests, the ratios among certain properties,
the statistical analysis of these ratios, and the computed
design values are presented in Tables II through XIX. The
results of the stress-strain and modulus of elasticity tests
are shown in Tables XX and XXI and in the stress-strain and
compressive tangent-modulus curves in Figs. 11 through 18.

The results of the fracture-toughness tests are shown
in Tables XXII and XXIII. The results of the axial-stress
fatigue tests are shown in Table XXIV and in Figs. 19 through
22.

The results of the stress-corrosion tests are shown
in Tables XXVI through XXX.

TBhe results of the fatigue-crack propagation tests
are presented in Figs. 49 to 109. For each condition studied,
two plots are presented: the first is a plot of the crack-
propagation data and the second is a plot of the fatigue-crack
growth rate versus K, the range of stress-Intensity factor
for the same data. The crack-growth rates, £a, were determined
by computer from the slopes of the crack-- dN propagation
curves. The actuai crack-propagation data for each specimen are
given in the Appendix. Figs. 110 and 111 shcw a comparison of
the crack-growth rates of these alloys and with those previously
determined for thick specimens of plate and extrusions(2,3 and 21).

* a = 1/2 total crack length (notih length plus fatigue cracks);
N - number of cycles
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SECTION V

DISCUSSION OF RESULTS

A. Machanical Properties

A.I. Tensile, ComPressive, Shear and Bearing

The results of the tensile, compressive, shear and
bearing tests of the individual samples of 2 to 6-in. thick
2014-TO52, 20214-652, 7075-TI7352 and 7079-T652 hand f'a rgs
are su=arized in Tables II through V. The tensile pro•Jrties
of each sample meet the applicable minimum-property requirrments
shown in Table VI.

The ratios among the properties determined for the
individual samples are sumunarized in Table VII. The statistical
analyses of the ratio data were made in c• cordance with the
procedures outlined in Mil-Handbook-5 Guidelines for Presenta-
tion of Data(15).

A regression analysis of each group of ratios was
made to determine whether the data showed a significant
correlation with thickness. 'Th.nen a significan't correlation with
thickness was indicated, values of miniin-ratios, 71, were
selected which correspond with the loer lit:i of the confidence
band around the regression line at the mean of each respective
thiciciess range. When no correlation was shown, a single
minimum value of 7 was selected for all thicimesses. These
values of minimum R were used for deterraining derived design
values for the respective thickness ranges.

The distribution of the ratios. and the values for
the various terms in the statistical enalyses, are shown in
Tables VIII to XI. Of the ratios involving compressive yield
stresses, only those for 20?4-T852 in the longitudinal and
iong-ti~ausverse directions show a correlation with thickness.
There is no correlation with thicimess indicated in the ratios
involving shear and bearing stresses for any of the alloys
investigated.

Since the sheer and bearing tests were made with
specimens taken in two or three directions (L, LT and ST),
Student's "t," test and "f" test were applied to the ratios for
each direction to determine if there were significant differ-
encos iLr the average ratios or in the variability for the
differenft directions. Where none was indicated, the ratios for
the d121erent directions were combined for computation of the
m'iniLum ratios to be used; where there was a significant
difference, the mcst conservative value was used.

12
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The ratio values used in computing the design values
from the specified tensile properties of the respective thick-
ness ranges of each alloy are summarized in Tables XII to XV.
The corresponding computed design values for each of the alloys
are summarized in Tables XVI to XIX; also shown are the differ-
ences between these values and the corresponding valuespresently in MIL-HDBK-5A.

In preparing the design tables for 2014-T652, 7075-ST7352 and 7079-T552, the respective tensile-property values in132Federal Specification Q,-A-367g and Military Specification

t'Mj-22771C, as shown in Table VI, were used as basis-property
"S" values. The tentative values for 2024-T852 were based on
the tensile data determined in this investigation and Alcoa
production data. The basis-property values and the ratios
shown in Tables XII to XV, were used in computing the remaining
design values.

As shown in Tables XVI and XIX, the derived design
values of compressive, shear and bearing properties for 2014-
T652 and 7079-T652 hand forgings differ slightly from the values
now published in MIL-HDBK-5A. For 2014-T652, the computed
derived values of Fcy (LT) are 1 ksi higher; the Fsu and Fbru
values, 2-3 ksi lower; the Fbr values for e/D=l.5 are 1-2 ksi
lower and for e/D=2.0, 1 ksi lower to 1 ksi higher. For
7079-1652, the computed derived values for Fcv (L) are 2 ksi
lower and those of Fsu are the same or 1 ks7 lower. The
slightly lower values of shear stresses developed in this con-
tract may be partially explained by the fact that the loads in
the shear tests were applied normal to the major surface of the
hand forgings, where-is in previous tests, the loading direction
was not controlled(li). 1No design values are presently shown
for 2024-T852 and 7075-T73152 hand forgings in MIL-HDBK-5A.

T-he results of the individual tensile and compressive
stres3-strain tests and uhe modulus of elasticity tests are

summarized in Table XX; the average modulus values are shown in
Table XXI.

In the modulus tests, none of the alloys investigated
showed -any significant difference Lz• modulus values t~hat might

be readily associated with thickness of sample or the specimen
direction (L, LT or ST). The modulus of elasticity of each
alloy is indicated to be three or four per cent higher in
compression than in tension.

The average moduli for the two alloys of each series
(2000 and 7000) were nearly equal; average tensile and compres-
sive modulus values for the two series are:

1.2



Modulus, psi
Alloy

Series Tension Compression

2000 10 500 000 10 800 000

7000 10 000 000 10 400 000

The average modulus values shown above for the 2000
alloy series (2014 and 2024) are the same for tension and 1 per
cent higher for compression than the applicable values now shown
in MIL-5DBK-5A, whereas the applicable values for the 7000
series (7075 and 7079) are slightly lower by 3 per cent in
tension and 1 per cent in compression. These average values
are 1 to 4 per cent lower than those obtained for stress-
relieved plate and extrusions in previous contracts Technical
Reports AFML-TDR-64-105, Mby 1964, and AFML-TR-68-3 4 , February
1968, respectively(l and 4). The modulus values determined for
the hand forgings are shown in Thbles XVI to XIX, and were used
in preparing the stress-strain and compressive tangent-modulus
curves shown in Figs. 11 to 18.

The results of the individual stress-strain tests i
indicated that, for a given alloy, temper and direction, there
was no apparent trend with thickness in the offsets from the
modulus line at stresses expressed in per cent of yield stress.
Typical and minimum ("S" value) stress-strain and compressive
tangent-modulus curves have been prepared for the alloys in
thickness ranges as shown in Figs. 11 to 18. The curves were
derived and presented in accordance with the procedures outlined
in MIL-HDBK-5 Guidelines for Presentation of Data(15). The
tensile yield stresses used in deriving the typical stress-
straLi curves are the typical values indicated in Alcoa's pro-
duction in recent years; it is assumed that these values would
be representative for the industry. The compressive yield
stresses were based on the average ratios shown in Tables XII
to XV. For the minimum stress-strain curves, the tensile and
compressive yield stress values shown for the appropriate
thickness range in Tables XVI to XIX were used.

A.2. Fracture Toujhness

The results of the individual fracture toughness
tests are shown in Thble XXII. Although some of the values are
not strictly valid by all of the criteria of the ASTM Recommend-
ad bL-thod of Tbst for Plane-Strain Fracture Toughness of
Metallic Materials(16), most of the calculated XQ values are
considered to be meaningful values of KIc since certain



criteria were exceeded only by a small amount, as indicated in
the table. With but two exceptions, meanin KIC values were
obtained for all of the contract materials in the utfferent
directions, The data indIcate that the fracture toaknmess of
each alloy is greater in the longitudinal (LW) direction than in
the long-transverse (WL) direction and least in the short-
transverse (TL) direction.

The meaningful values of Klc from Table XXII are
summarized in Table XXIII. The fracture toughness values
determined for 2014-T652, 2024-1652 and 7079-7652 indicate no
dafinite trend with thickness, however, the values for 7075-
17352, in each direction, show a tendency to increase with
increased thickness.

Al3o included for comparison are the average fracture
toughness values determined for some extrusions (Tx510 tempers)
in a previous contract(4). In most instances, the respective
average values shown for the hand forgis and the extrusions
are in good agreement; there are large differences (in excess
of 10 Der cent) between the long-transverse values for alloys

12014 and 7079, with the hand forgings having the lower values.
It is pointed out, however, that the values shown for the 2014
and 7079 extrusions are based on duplicate tests of only one
sample of material, whereas the values for the 2024 and 7075
extrusions are based on tests of 4 to 6 samples.

A-3. Axial-Stress Fatigue

The results uf the axial-stress fatigue tests (RoO.0)
of long-transverse specimenE from the 2, 4, 5 and 6-in. thick
forgings are shown in Table XXIV and in Figs. 19 to 22. Log-
mean fatigue life values for two of the three preselected
stress levels, at which the respective alloys were tested, are
shown in the table; the curves have been drawn through these
points and extended to indicate the trend of the data. Log-
mean lives could not be calculated for the lowest stress because,
for each alloy, at least one specimen did not fail within the
number of cycles allotted to the test.

The test results for all four alloys indicate that
there may be a correlation between the fatigue life and thick-
ness of the hand-forging sample; in most of the tests, at all
three stress levels, fatigue life decreased with increase in
forging thickness.

To allow comparison, the fatigue curves determined
for plate and extrusions in previous investigations (2,3,4) are
also plotted in Figs. 19 to 22. In general, the log-mean
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Modulus ,_psi
AlloySeries Tension Compression

2000O 10 500 000 10 800 000

7000 10 000 000 10 400 000

""he average modulus values shown above for the 2000
alloy series (2014 and 2024) are the same for tension and 1 per
cent higher for compression than the applicable values now shown
in 4MIL-HDBK-5A, whereas the applicable values for the 7000
series (7075 and 7079) are slightly lower by 3 per cent in
tension and 1 per cent in compression. These average values
are 1 to 4 per cent lower than those obtained for stress-
relieved plate and extrusions in previous contracts, Technical
Reports AF_?-TDR-64-105, ýby 1964, and AFML-TR-68-34, February
19F8, respectively(l and 4). The modulus values determined for
the hand forgings are shown in Tables XVI to XIX, and were used
in preparing the stress-strain and compressive tangent-modulus
curves shown in Figs, 11 to 18.

The results of the individual stress-strain tests
indicated that, for a given alloy, temper and direction, there
was no apparent trend with thickness in the offsets from the
modulus line at stresses expressed in per cent of yield stress.
Typical and minimum ("3" value) stress-strain and compressive
targent-miodulus curves have been prepared fow the alloys in
thickiness ranges es shown in Figs. 11 to 18. '1he curves were
derived and presented in accordance wiLh the procedures outlined
in I•-•flJBL-9 Guidelines for PTesentation of Deta(15). The
tensile yield stresses used In derivin,.. the t-1-,m_ stress-
strain cu2w.: are the typiccalvalues indicated in Alcoa's pro-
duction in reaent years; it' is assumed that these values would
bý representative for the industry. The compressive yield
stresses were based on the average ratios shown in Tables XII
to XJ. For the minimum stress-strain curves, the tensile and
compressive yield stress values shown for the appropriate
thiclcness range In Tables XVI to XIX were used.

A.3 Frcture Tuaieis5

Tie resuits of the individual fracture toughness
tests ere shown in _Tble XXII. Although some of the values are
not strictly val.ld by all c' the criteria of the ASTM Recommend-
ed. fv@thod of Dets for Plane-3train Fracture Toughness of
W-tasllic Mteriels(16), 'o~t of the calculated kI values are
considered to be meanlng'ul values of KIc since certain
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criteria were exceeded only by a small amount, as indicated in
.the table. With but two exceptions, meaningful Klc values were
obtained for all of the contract materials in the different
directions. The data indicate that the fracture toughness of
each alloy is greater in the longitudinal (LW) direction than in
the long-transverse (WL) direction and lenst in the short-
transverse (TL) direction.

The meaningful values of Kic from Table XXII are
summiarized in Table XXIII. The fracture toughness values
determined for 2014-T652, 2024-T652 and 7079-T652 indicate no
definite trend with thickness, however, the values for 7075-
T7352, in each direction, show a tendency to increase with
increased thickliess.

A-13o included for comparison are the average fracture
toughness values determined for some extrusions (TX,10 tempers)
in a previous contract (4). In most instances, the respective
average values shown for the band forgings and the extrusions
are in good agreement; there are large differences (in excess
of 10 per cent) between the long-transverse values for alloys
2014 and 7079, with the hand forgings having the lower values.
It is pointed out, however, that the values shown for the 2014
and 7079 extrusions are based on duplicate tests of only one
sample of material, whereas the values for the 2024 and 7075
extrusions are based on tests of 4 to 6 samplies.

A-3. Axial-Stress Fatigue

The results of the axial-stress fatigue tests (R-0.O)
of long-transverse specimens from the 2, 1, 5 and 6-in. thick
forgings are shown in Table XXIV and in Figs. 19 to 22. Log-
mean fatigue life values for two of the three preselected
stress levels, at which the resrective alloys were tested, are
shown in tho table; the curves have been drawn through these
points and e:tended to indicat~e the trend of the data. log-
mean lives could not be calculated for the lowest stress because,
for each alloy, at least one specimen did not fail within the
number of cycles allotted to the test.

The test results for all four alloys indicate that
there may be a correlation between the fatigue life and thick-
ness of the hand-forging sample; in most of the tests, at all
three stress levels, fatigue life decreased with increase in
forging thickness.

To allow comparison, the fatigue curves determined
for plate and extrusions in previous investigations (2,3,4) are
also plotted in Figs. 19 to 22. In general, the log-mean
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fatigue values of the hand forgings are about the same or
slightly higher than those of the extrusions, and somewlht
lower than those of plate of the corresponding alloy nnd
temper. However, at the lover stress level, the fatigue iife
for 2024-T652 hand forgings is indicated to be substantially
greater than those of both 2024-T7651 plate and 2024-T%5lX
extrusions.

B. Corrosion Characteristics

B.1. Resistance to Stress Corrosion Cracking (SCC)

The data obtained from tests of !ong!lLudtripA I n
long-transverse 0.437-in. diameter tensile specimens are given
in Tbles XXVI snd XXVII, Pnd similar data from test,- of su:ort -
transverse 0.125-in. diame: er tensile specimenxr itre 91vwO -
Tables XXVIII and XXIX. Stipplementel test data (retests) Sor!
selected forgings are given in Table XXX.

A high resistance to stress-corrosilnn cracking w,-r
exhibited by longitudinal specimens from eDch of the fcrwrizw-Ie
tested. Long-transverse specimens from the n2OA•-Ta r,nd
7075-77352 alloy forgings were also highly resistanL 'o SCC.
but long-transverse specimens from the 2Ž,L- ,•5• an ()-

were generally susceptibl,€ (Figs. 33-36) at atre!ses Lu-i •'
75% of yield strength. These results generally are in good
agreement with existing stress-corrosion guidelines itor these
forged products.

Thsts oV the short-tran3verse specimens zu'ei gow,:
agreement with expected performance of the various 7lloyL and
tempers; i.e., the 7075-70352 specimens, in generai, were.
highly resistant to stress-corrosion cracking, th, _bO2J-T2
specimens showed some suscepttbilizy at high stresoses only. ar0
the 2014-T652 and 7079-T652" _.Ycimens were suscspnzble at
relatively low levels of stIcs. Some nontypicnt behav',,r w•:t•
observed, however, end lJ_.*cc •upplementai testing wn, i-(-
ducted to check the initial results.

The performance of short-transverse s•e.cimers from
the 2, 3 and 5-in. thick 2014-T652 and 7079-T652 alloy ý'orglrts
was better than that previously observed with rivrging-s o' trvhe
alloys, but was within th- -oph,.-re of existing ntL!, ror' th:b.
materials. Retests with specimens from the 2-in. thick
forgings showed these alloys to be susceptible to SCC Pt Lstress of 2'.5 ksi, while neither elloy hadC: Ch. ~ neteralo a•.e ... L •t hr,,_
stress during initial testing. The 201k-It52 specirens also
failed at a stress of 15 ksi during these retests. TIhe retest
data better typify the expected performance of these forgings.
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TIn comparing the initial and supplementary test
results (Tfable XXX) for the 2-in. thick 2014-T652 and 7079-T652
forgings, it was observed that the two tests had been conducted
during different seasons of the year. The initial tests were
conducted during the winter months (November - February), and
the retests during the summer months (July - October). The data
strongly suggest that Lests conducted under ambient conditions
can be significantly influenced by seasonal variations.

Failur•s were encountered at 75% YS of short-
transverse specimen. from the 3 and 4-in. thick 7075-17352
forgings. For the 4-in. thick 7075-T7352 forging, I of 3
specimens failed after an exposure of 64 da'ys; however, metal-
lographic examination revealed that the failure was not typical
of stress-corrosion cracking (Flg&. 377 and 38). Three specimens
from the 3-in. thick forging failed after only 8 days exposure,
and microscopOc examination showed the failures to be typical
of stress-corrosion cracking (Figs. 39 and 40). Although
Federal Spec' icatlon QQ-A-367g does not list stress-corrosion
cracking criLeria for 7075-17352 alloy forgings, ths new
edition of MIL-A--2277iC does require that the criteria specified
for 7075-T73 forgings also be applied to forgings in the T7352
temper. TIhese criteria sta-,ev that short-transverse specimens
stressed at 75 per cent, of the raininum longitudinal yield
strength shall 2atisfactorily corplete a 30-day exposure in the
3.5% N8Ci alternate immerbion. On tne basis of the strengths
listed in "Alun•tnum Standpords and D'.a", April, 1968, the test
stress for a 3-in. thick forging would be 79.7 ksl. Hence, the
3-in, thiick hand forging did nor fulfill the stress-corrosion
cracking requirements of the Military Specification MIL-A-
22;71lC. -he forgLng, thcreforý, carimot be considered to
re-orresO.t the "7.52 temper from the standpoint of Corrosion
resistance. This is surprising. because the forging met the
electrical conductivity yield surength criterion, though in
borderline fashion, for adeqaate resistance to st re3s-corrosion
cracking.

B.2. Resistance to Exfoliation

":,D exooliat-ion was detected on the panels exposed to
the acidlf lec intermittent spray rerardless of alloy, and no
significant differences weru observed between specimens from
different regions (T/10, T/2) relative to the forging thickness.
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C. - FatIgue-Crack Propagation

C.I. bsts of 201oI-T52 Hand Forbgin

The 2014-7652 specimens were selected to investigate,
for one orientation in the forging1 , the effects of (1) nol.ch
shape, (2) specimen length and (31 change of ioaa on crack-
propagation rates. These results are presented in Figs. 49
to 67. Although the sharp notches produced somewhat more
symmetrical cracking than the mild notches, the cracic-growlth
rates were not significantly different.

The results for this alloy show a o-urwislng.y large
amount of scatter, which may have obscured the offect3 or" some
of the test variables. The fracture surfaces of Lhe rald-
notched specimens, 7 and 10, which shoved a large dLiffrence
in crack-growth rate, were visi1by different, ar 'were those of
the adjacent sharp-notched specimens, 8 end -U. Cross section3
near the fracture surfaces of specimens 7 and 10 are swown in
Fig. 57; Specimen 7 shows a directional or fibrouz-type" :'ncture
whereas spectnen 10, which had n higher crack-propegnt'cn rtLe,
shows a coarse, nonaibrous fracture. These specimens wore taken
from the same central portion of the forging cross section at
locations only 3 in. aparm.

ihe results ror specimens of 6-in. hod 24- n. lgriah
do not show consistent differences in crack-gr; th rates for the
loadings investigated. Thus, it appears that variAtLons In
specimen length do not nave to be taken into account in evaluating
crack-propagation behavior.

Pntes of crack proiegation were Influtinc&.1, o" course.
by the ioadings applied. lnoreaslng or decrepsing tUr- leadc nrtC.r
reaching a totni crack iungth of 1.0 In., however, had no apprent
effect on growth rates at tho new loads. ThaL is, propageitlon at
low stresses did not influencu subsequent rates at higher stresses,
and vice versa.

One vxirlable I. Lu In 'iS. 49 t 67, re"fi'r't" Lo
above, is the rr-nge of relpt.ve. .' hunudity exitling in Lh,. laboratory
during the tests. These gen.-r;&iy ranged from 5 Lo p•C pr cent.
Although it appears in some cases that rate of cracking incre-ssed
with increasing humidity, ail results are not consistent in this
respect.

C.2. Tests of Ha2h-Th62 ind F-orginv

.e3- of this alloy were i!.m!ted to svecimens of one
orientation a 't1hree different stress levels. ýesults are
presented in Figs. 68 and 69. In contrast to the results shown
for the 2014-T652 forging, the crack-propagation data for
duplicate specimens at any one stress are quite consistent.
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This is attributed in part to the use of the Klox notch. Fig.

69 shows excellent correlation between propegation rates for

stress levels of 8.2 ksi and 12.5 kal. The tests at 17.5 ksi

show a higher rate of propagation for the same stress-intensity

factors.

C.3. Tests of 7075-7M352 and 7079-T652 Foims

Crack-propagation was investigated in seven directions

in these forgings, at one to three stress levels, and in differ-

ent controlled environments. Results are presented in Figs. 70
to 109.

For both alloys, there was fairly good a~nt be-

tween crack-growth rates at the different stress levels. Alloy

7075-T7352 was generally more resistant to crack propagation

than 7079-T652. Short-transverse specimens in both alloys

cracked more rapidly than those from the other orientations.

Propagation in the face specimens tended to be slightly faster

than in the edge specimens.

Environment was shown to have a significant effect on

crack-growth rates. Both alloys cracked more rapidly in the

high huLriidity tests, but 7079-T652 was affected more than

7075-77352. The salt fog was slightly more damaging than high

humidity.

Fig•res 106 to 109 show that the rate of cycling did

not appreciably affect the rate of fatigue-crack propagation of

7075-T352 and 7079-T652 LT(E) specimens in the salt-fog
atmosphere.

C.4. Comparison o.'f lloys

Figure !C0 compazres the overnge crack-progation rates
for long-trnnsverse edgewto speclmens of the four alloys. At

the lower stress intensities. the propagatIon was slowest for

alloy 2014-T652 but nt the highest stress intensities propaga-
tion was fastest for this aloy. Some of this difference is due
to the greater eccentkricity of cracking in the 20lL-T652 speci-

mens. For these iong-t-ransveore specimens, Propegation for
alloy 2024-T852 was consistently slower than for alloys 7075-
T(3;2 and 7079-6o5. This is contrary to the findings of Ref- 3
which rated 7075-70351 plate above 0024L-T85 plate from the
standpoint of resistance to fatigue-crack propagation.

Figure 111 compares the propagation rates for longi-
tudinai specimens of several 7TY(5-ET735(x and 7079-76XX products.
The data are consitent in showing 7075-MXX to have !ower
propagation -ates than alloy 7079-:6XU. The agreement between
the rates for the various 7075-rLT3XX products is better than

that shown for 7079-T6XX products.
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SECTION VI

SUMMARY AND CONCLUSIONS

Based on the results of tests of commercially-
produced hand forgings that met the requirements for composi-
tion and tensile properties in applicable Federal and Military
specifications, the following conclusions seem warranted con-
cerning the mechanical properties, including fracture toughness
and fatigue strengths, resistance to stress-corrosion and
exfoliation and fatigue-crack propagation rates of stress-
relieved 2ol4-T652, 2024-T852, 7075-T7352 and 7079-T652 hand
forgings:

1. Ratios among the tensile, compressive, shear and
bearing properties are shown in Table VII.

2. For 2014-T'52, 7075-T7352 and 7079-T652, these
ratios among properties do not indicate a significant variation
with thickness.

3. For 2024-T852, only the ratios involving longi-
tudinal and long-transverse compressive yield stresses show a
correlation witlh thickness; the ratios decrease with increase
of thickness.

4. Ratios used in computing the design mechanical
properties are as shown in Tables XII to Vvr. The ratios are
applicable for computing properties in the L, LT and ST direc-
tions ard for thicknesses ranging up through 6 in.

5. Computed design mechanicnl properties for the
respective alloys are as shown in Tables XVI to XIX. These
values for 2014-T652 and 7079-7652 are no more than 1 ksi
higher or 3 ksi lower than the respective values now published
in MIL,-HDBK-5A. No values are published in MIj-,flDBK-5A for
2024-T852 or 7075-17352 hand forgings.

6. The modulus of ,• .t..c"as ti y of each alloy -is o 04
per cent higher in compression than in tension. The values for
the alloys in the respective 2000 and 700C series are approxi-
mately the same regardless of test direction (L, LT and ST),
sample thickness and temper.

(. The average modulus values, for all directions,
are:
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Modulus, psi
Alloy

Series Tens ion q sson

2000 10 500 000 10 800 000

7000 10 000 000 10 400 000

8. Typical and minimum ("S" value) stress-strain and
compressive tangent-modulus curves are shown in Figs. 11 to 18.

9. The average values of plane-strain stress-
intensity factor, Kjc (psiVUin_), at 5-per cent secant offset
are, as follows:

Alloy and Long- Short-
Temper Longitudna(LW) Transverse(WL) Transverse (ST)

20lL,-752 28 800 21 6W0 20 500
2024-T852 26 300 18 4oG 15
7075-TZ352 34 0oo 29 -000 20
7079-M52 27 600 23 000 18 I0O

10. The results of the axinl-stress fatigue tests
(R-0.0) are plotted in Figs. 19 to 22. For 2014-7652, 7075-
T7352 and 7079-T652, the log-mean fatigue lives of the respec-
tive hand forging alloys are about --he same or slighltly higher
than those of extrusions, and slightly lower then those of
plate of corresponding alloys and tempers tested in previous
investigations. For 2024-Wt52 hand forgi-Lngs, the log-mean
fatigue lives at the higher stresses are about the same Ps
those of both 20CZ-T851 plate and '022-V.•3r1X extrusions; at the
lower stress level, tev fnt.igue life Is substantially greater
than those of the plate and extrusions.

11. All forgirngz wern- ro1i.•nt to ZtrwJss-corrosion
cracking when longitudInilly stresseed to 755 of _Longtudinal
yield strength. Long-transverse spec.mens k.-ressed to 75% of
long-transverse yield strengc.Ih also were resistant in the case
of 2024-T852 and 70,(- 7(- 2 but .were penerally susceptible inthe case of 201 -TI52 and /0;-'65; "long-tr-nsver~ e specimens
of 2014-T6 and 7079-T6 were resistant alt stresses of 50% YS.

12. The resistance to stross-corrosion cracking of'
short-transverse specimens rarged widely with the alloy and
temper: 7075-157352 was resistant at 75-1 YS (except for tho
nontypical 3-in. thick forging); 2024-T852 was susceptible at
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75% YS, but generally resistant at 50% YS; 7079-T652 and 2014-
M52 were generally susceptible at 15 ksi (approximately 25%YS).

13. There was no indication that the resistance to
S3C of any of the alloys was influenced by forging section
thickness.

14. All alloys and tempers demonstrated a high
resistance to exfoliation corrosion.

15. The most consistent fatigue-crack growth rates
were obtained in the tests of specimens having the Elox crack
starter (Fig. 45).

16. Short-transverse specimens showed somewhat higher
crack-growth rates than specLmens from other directions in the
forgings.

17. Tests in a high humidity produced higher crack-
growth rates thau bests in dry air. A salt-fog environment was
slightly more damaging than high humidity.

18. At the ' wer stress intensities, the tests would
rate these forging alivyn in the following decreasing order of
resistance to fatigue-crack propagation:

20L o4 - r65 L2
2024-T852
7075- 77352
7079-1T652

However, at the hign stress intensities, propagation was fastest
for alloy 2014-T652.

19. The crack-growth rates for the 7075-T7352 forging
were consistent with those obtained in previous tests for
7075-17351 plate and 7075-173510 extrusions.
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FIG. 30 SHOWS THE I/8-IN. DIAMETER TENSILE SPECIMEN, THE VARIOUS PARTS
OF THE STRESSING FRAME AND THE FINAL STRESSED ASSEMBLY.

• I

I1

mag: 1/ 5X

FIG. 31 SYNCHRONOUS LOADING DEVICE USED TO STRESS SPECIMENS. A
STRESSED ASSEMBLY AND ONE ASSEMBLED FINGER-TIGHT READY FOR
STRESSING ARE SHOWN TO THE LEFT. BOTH THE STRESSING FRAME AND
THE LOADING DEVICE WERE DEVELOPED BY THE ALCOA RESEARCH
LABORATORIES. PRIOR TO THIS CONTRACT i
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. _.•_ _, . .[•• - :,.. .•• 4 & •, , -. •-. .. - .*1;-

S.No. 34lOO7-T4 Etch: Keller's ttg. 10OX ¶

IFIG. 33 Section Illustrating an Auxiliary Crack in :
tong-Transverse Specimen from 2-in. Thick

2014-T652 Forging which Failed at a Stress
Equal to 75% Y.S.
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uS "- -
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S..N-o. 3SI07-T Eth *elr' .50

FIG. 34 lilustrates the Intergranular Character of the
Crack Shown Above, Indicating that Failure was
Result of Stress-Corrosion Cracking.
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Fig. 46 Crack Propagation Specimen in Environmental Chamber
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TAMEz I

MZCHIMO1N A14D OWX1CAL CC14KSITXI NV CP &I-MW.LP:1'. A133f RU ALLOY PA=l 7VMI01

Allo Sample
OXCo-ss-3otion RIn. Prot

Temper size, in. Number Cu 51 ft "aa Zn Ci T
2007-T652 208 0.200 4.41 0 0.t 0.70 C.16 0.01 0.04

211008 ..-7 0 ) .22 0.70 0.411 0.1.; O.Ci' 0.04*:1: .,•o; 4..0 
0

in2 741009 0.91 0.6f) 0 '7 0.1f (0.01 0.044 x16 341010 ; 0- 0.22 0.2 0 0.0 0.04

0.69 0.50.91 0:22 0. G
341012 4.5 . 0.2 0.7 0.5. 0 (0.01 0.0

6z20 341016 4.31 1.0 0.22 0.69 0.7 0.06 0.01 0.0S

x6 31R 42 : 0.oC6 .57 0.,1, 0.01 00

LImits. 3.9-5.0 0.50-1.2 1.0 0.40-1.2 0.20-0.8 0.25 0.10 0.15
2024-T852 PX8 341017 4.63 0.11 0.15 0.53 1.54 0.07 0.00 0.02

~x12 3AL1018 4.63 0.11 0.15 0.53 1.54 0.0 0.0 0.02
Z8 341019 4.51 0.13 0.19 0 -57 1.72 0. O.0? 0.03
4x16  34,1020 4.51 0.11 0.17 O."r7 ... 0.C7 0.0;6 0.03
5x5 341021 4.51 0.13 0.19 0.-57 1.71 0.;4 0.02 0.035Xo 341022 . o.8o 0 .iz, O.5. 2.;ý 0.05 0.01 0.

234102 4.51 0.13 0.JQ 0.57 1-72 0:20
x6 3402 4.6 0.12 0o.1 0.5 1.4 0.0. 0.00 0.026x12 3404a 0.10 0.12 . "2 10.0 .C396•o 0. .12 o14 owl 1: 0: o.o, .0

Limita t  3.8-4.9 0.50 0.50 0.30-0.9 1.2-1.8 0.25 0.10 --

7075-'7352 2xB 34*102 .6o 0.10 u 0.02 2.50
1 31110w0 0 0: 0.07 0.: 2

4116 341030 1.5? 0.12 0.165 0.02 2.53 0.19 0.04
55 '101 1.50 0.0- 0 00 2.,;00.0.2. 1032 0.12i 0.10 0.0.

0 1.1 0.1? 0.20 o.0% 2.4 C.9:0.'
6X12 .34103 1.5 0.17 0.20 0.04 2.45 5.8 0.2 0 0!6X24 341039 1.40 0.10 0.14 O.026 0.19 OZ

Limits* 1.2-2.0 0.50 0.7 0.30 2.1-2.9 0.1-6.1 0.18-0.40 0.20

7x12 341037 0.76 0.11 0.18 0.159 .:4, ?A. 57 0.11k
x19.T6228 34103 0.7?6 0.11 0.1 0.15 :A 0.5 014 0.0:[A19 o. 0.10 0.i6 0..

4x16 5 0.0 341040 1 M OO. 0.
5x5 4!041 0.7 o.o 0 0.15 0
54ý 0 341C42 00.11 0 .5 0 "
,xL:2O 34,104*3 OO .1 0:1 0. O.C.
(~6 341044 0.65 0.09 0.17i 0.17 : 006x12 14iol, 0.70 o.1 0 0.19 0.1o 0.04

6x24 3414 0.72 0.10 0.16 0.17 0.15 0.02

L,-ita* 0.40-0.8 C.30 0.40 n.10-0.30 2.9-3.7 3.8-1.8 0.10-0.25 0.10

* Federal SpeOLificatio~l QQ-A-367g and MII. Spec. MTL-A-Z I771C M1aximum ul ess a wani is shown.

t The Aluminum Aesociatiin, "Awnina Standards and rlta", April 1068

Best Avaifble,
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TABLE XII

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED 2014-T652 HAND FORGINGS

Thickness , in.
2.001- 3.001- 4.001- 5.001-

Ratio <2.000 3.000 4.000 5.000 6.000

Fc (L)/Ft (L) 1.011 1.011 i.011 1..011 1.011

F (LT)/F. (LT) 1.035 1,035 1.035 1.035 1.035cy Wy
F y(ST)/Fty(ST) 1.111 1.111 1.111 1.111 1.111

Fsu/Ft (LT) 0.586 0.566 0.566 0.586 0.586

F-bu /Ftu (LT)
e/D m 1.5 1.357 1.357 1.357 1.357 1.357
e/D = 2.0 1.768 1.768 1.768 l.,'68 1.768

Fbry/Fty (LT)

e/D a 1.5 1.382 1.3.82 1.382 1.382 1.382
e/D - 2.0 1.621 1.621 1.621 1.621 1.621 .1
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TABLE XIII

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED 2024-T852 HAND FORGINGS

Thickness, in.
2.001- 3.001- 4 .001- 5.001-

Ratios Z2.000 3.000 4.000 5.000 6.000

F (L)/Fty(L) 1.066 1.052 1.038 ,.02.4 1.010
cy t

F (LT)/F LT) 1.121 1.093 1.066 1.039 3.011

F FyST)/Fty(ST) 1.118 1.118 1.118 1.118 1.118

Fsu/Ftu(LT) 0.551 0.551 0.551 0.551 0.551

F IF (LT)
bru tu

e/D = 1.5 1.290 1.290 1.290 1.290 1.290
e/D = 2.0 1.705 1.705 1.705 1.705 1.705

F bry/F ty(LT)

e/D = 1,5 1.372 1.372 1.372 1.372 1.372
e/D = 2.0 1.625 1.625 1.625 1.625 1.625
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TABLE XIV

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED 7075-T7352 HAND FORGINGS

Thickness, in.

2.001- 3.001- 4.001- 5.001-
Ratio <2.900 3.000 4.000 5.000 6.000

Fcy(L)/Fty(L) 0.988 0.988 0.988 0.988 0.988

F cy(LT)/Fty(LT) 1.036 1.036 1.036 1.036 1.036

F cy(ST)/Fty(ST) i.i09 1.109 1.109 1.109 1.109

F . /Ftu (L) 0.597 0.597 0.597 0.597 0.597

bru tuF bru/IFtu (LT)

e/D=1.5 1.455 1.455 1,455 1.455 1.455
e/D=2.0 1.898 1.898 1,898 1,898 1.898

F /iF (LT)
bry ty

e/D=1. 5 1.50i! 1..c01 1.501 1.501 1.501
e/D=2.0 .694 1.694 1.694 1.694 1.694

1L2
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TABLE XV

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED 7079-T652 HAND FORGINGS

Thickness, in.
2.001- 3.001- 4.001- 5.001-

Ratio Z2.000 3.000 4.000 5.000 6.000

F (L)/Fty(L) 1.017 1.017 1.017 2.017 1.017
cy ~ty
F (LT)/F (LT) 1.075 1.075 1.075 1.075 1.075
cy ty

F (ST)/F (ST) 1.138 1.138 1.138 1.138 1.138
cy ty

E IF (T) 0.601 0.601 0.601 0.601 0.601
su tu

/F )
Fbru tu

e/D = 1.5 1.439 1.439 1.439 1.439 1.439
e/D = 2.0 1.909 1.909 1.909 1.909 1.909

FP/FtY(LY.`"-bry ty •+
e/D = 1.5 1.485 1.485 1.485 1.485 1.485

e/D = 2.0 1.7i9 1.719 1.719 1.719 1.719
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COMPU' mSIUN ICHANICAL PRQPERT=3 OF 20l'-7552 ALUMINUM kLLOY HAND FOROflUS I
Alloy 2o144
Form . . ... 9nd Foriga res
Condition .. .52
Thicklaee, in ... . 5 -__ -9. 00

• • • • • . t
ibohanical Properties t

FtuL 65 64 63 6,,
LT .......... 64 63 61
ST .......... -- 62 61 60 59

kty kajS..........566 6 55 54 5I
LT .......... 56 55 55 5I
ST ........... 52 51 50

9..... 56 r6 515
LT .......... 57(+1) 5 )6(+--1) 55
ST ................... 57( 56(*) 55 55

- Fbru, kei

115~~~-11 8I32r2~~V

br kal
e/D-5 ....... )

91+1 +XJI +,e/Dw.0 9.......... 9-(+JJ 9(-•, I +

0, pe:," coat:
L ............ 8 8 8 7
LT ............ 3 3 3 2 2
ST ........... . 22 1

E, 106 Pal 101e IQ pi 10.6(+0.1)
psi 4C.0

Vote. M ebge in ptrenthesis are differences from values In MJL-ED- A, February 1966.

0 No values shown in M'l-HDBK-5A, February 1966
I Y.ximum croae-aecttonal area of 256 eq in.

ii4
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TAR, L XVII

TENTATIVE COMP.IT ISSION •-OHANICAL PROPERTMS, OP 2024-1852 ALUMINUM ALLOY HAND FOROfNGS

A] .L. y ...........
Form . .. .. .2024

Cniin .... . n . RnsI
ckneB, In .n . .... ,.'a,• .,,{hi : ; •: [ •.o•' , •.o•-•,oo ..o -4.000 4.001-9.00o 5 oo-.o

W'v.*ctnlc~j Properties:

Ftu, kst
L ......... 64 64 64 62 60T .61 61 61 59 57ST . 59 59 57 57

- Fty, ksl
... . .. . . 5 4 r 4 5 L 5 3 5 2S . . ... ._. .

; T . . . . . . -- 50 50 9ý
S~ PcqL ksl

LT 585 5

5 ý--5 55 53 5
P su , k s i 3 4 3 4 3 4 23ksiru, ks

"L D -. 5. . . . . ... . 7 5 5 57

10i 97

(V''• .5 . . . . . .
S...... 81

e, per cent:L ....... ......... 4 4 4 5 4

53 51
34.. . . . 2 2 32 2 31

"E, 1066
9, p se ce t o

G, 1O" p314.

L 4.

V O values !hown In %MHDBX-,A Ft--bruary{]
, xImum crosuJ-sectjora r1 255 tq In.

I..

I
'I.
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TABU, XVIII

COMPUMID DESIGN MECHANICAL PROPERTII7S 6 OF '1075-177352 AUJ?.INIJM ALLOY HANID FO8OINOS

Alloy 7675r~9

F~bnorm Properties.sCondition .... .-....

7hickanesa, in .. . 7200 201o0013014 .0-.0

66 66 64 62 61
LT .64. 64 63 6!

ST .-- 61 I 61 58 5

ST . 50 .8 .6 .44..5

is

Fc. kr,.

,7L 553 5- 1 50 4,9
LT 54') 50 48
STA... ........... 5 553 51 49

Fo s .ki............. 38 -8 37 36 35

-bru' kal.
e/Do5.. ........... 93 0?3 92 89 86..

e/-.0 ...... 121 121l 119 116 112

Ft - 66 66 8 62 61

e/)2 0 '8 ~ 8 ý1 79

LT . . . : : : : I 6 I

oT 6c I 64 6 63

ST .. . . . 2 2 16 85

E, 106 p s 10.0
Ec. ... I. . 10.4
a, ps.i 3.8 Ii

;a~ values in lMflH-BX-5/, Ffebruery iu 1
I .oximum cross-3eo;ional area of 256 sq i.n.

1464
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TABLE XrX

COMPUTED tESION MECHANICAL PROPERTIES OF 7079-U652 ALUMtIN1M ALLOY HAND FOFINGS

A loy . . . . . . . . . . . 077-9
. . .. . . . . . . . . , ?Hand "07 16

Condition .........
* Thickanes, In ........ 7Z_ Q _2OU.Q 0

Bas.is.. -- T 6

Mechanical Properties:

* I ~Ptu' JC.e
L...................g

LT7-0 ýO9

. . 63 62 61 60 59
LT ......... 6: 60 59 58 56
ST .... ......... -- 55 55 54 53

L .. ..i u. 6- 2 ) 63 -2) 62 2 62-;2) 60-
.. .......... . -.-. 62.. 62* 612) 6o('

SFSU, ksi . .. .. ... 43 42 4-. 2( 1 (-J) 41

Fbru, ksi
0e/-9.5 0-() 27(1 86 () 98(")

./D-2.0 15('. 133() 133N 132(.) (
Fbr;, ksiD- . . . . . . . 9 ý ý

eD . . .. ... i10 ; 99 M*)

e, per cent:
L . . . . . . . . . 9 9 9 9
LT ........... .5.. 5 5ST• . . . . . . . . . - 3 3

SE, 106 nost 10.0-0.3)
S, ~Ee, 10, p1. 0.4 (-0.i1

i oG, 1o• Psl .8io.•

Note: Numbers in parenthesis ara differences from values in Mn-HDBK-5A, February 1966.

No values shown in MIL,-HDBK-5A, Rebruary 1966
t Max1im cross-sectional area of 256 sq in.

I1I
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TABLE XMIV

RESULTS OF LONG-TRANSVERSi, AXIAL-STIESS FATIGUE TESTS
OF STREESS-RELIEVED AIJJNTUMI ALLOY IIPITD FORGINGS (R= .O)

(F33615-68-C- 1385)

Alloy SanIPlo
and

Temper Size, in. Nmnber Ccles to Failure

Moximrm Strcss, psi

60 000 40 000 35 000

2014-T652 2x8 341007 34 200 4 358 100 10 264 500*
4x8 341012 Y 700 1 032 8o0 6 252 200
)xiO 341012 18, goo 230 000 10 017 300*
6xi2 341015 7 700 142 200 14 323 200*

Leg-Mean Fatigue Life 17 200 619 400

2024-T852 2x8 341017 22 600 252 900 10 029 n00*
4x8 jý4019 12 700 1 0 700 19 845" ý700*

3X10 3)41022 14 c0( 20 00 17 189 00
x 541015 7 200 93 bOO 14 882 100*

Log-Mean Fatigue Life 13 700 140 200 ---

,aximum Stress, psi
6o ooo 45 ooo 38 0001

7075-217352 `X8 -'_7 2d 100 4 084 800 14 682 200"
" ;. 4 7 33)e- 1V0,

-xI. 5o 2 1J, , 800 51 100 105 800
ix22 5410o) 3 @00 58 600 93 000

lrg-Mr4en Fatigue LJfe J3 00 160 500

'T-•,9-T52 2x5 22 200 10) 800 720 100
J-o _0_6 22 700 6l 400 11 607 ,
3x110 19 200 75 500 1627CO

6x12 1045 " 1 400 140 200 146 400

Log-Mean Fatigue Life 18 100 66 900 ---

b 3pecimen did not fail.

155 -



C1'*

I Oliii

U~ i q I9 koV
4--

p- p) o

:30 00 ~
0)-

00

o *

tI C) Q)0

0 
E ~

I CIY C~ c

-i) I~

C~C'

co 0. I1 01

I -I> I~ -I

P+ 411
r* co,~

(Di r-

cr, 43



cu CI cu *k CV * ' VN

l- a. , tr G
#- H

1,

0

"0~0

c 0.
-4

NO4 0 00

3-40

0 Y
U) ~ ~ ~ ~ ~ a >jU ' ( -~

(V tv C (V NV ( c l (V cu . (V N p-u cu-4

Oz-4

00 0000 0 0I

~~.4

v.I in .

CI) 00 00 0000 00 0

0 C

HI 0 M
A Q a' H 14%

(1- 0 0 CCo o)

.4 r, (

0~ N. zt N. =1 at 0 NU at N at'T o ~ -4
rL, .-41 0 ~

IC"~ (U 0C ~ C

H~~C C)) 0C

157 Best AvzafI, b ,



; :o

in u pIP4 C

411

40*
Irv,

10 .oa

0 C:
Ck

St to

0 0 0' 4

400

k* kc k- -.r ko 4
0 0.,

.0~ N

C',J 'D 4), 4'2

a: 0

. es~

[ ~ ~ 58



° a

0 0 0 0' ! I ! i : I : 0. • .,

a.

•0 
1 0 DO I k I lP'

C4 CD A* 9

V+ o•O B S I:O: a+

0 .%

£0- -- .

* 8p

m4 'a.' I: I I I a""

0~l

,3!,~K , , a - , *,,3+;++

+ ,.,a -,. -- +vI-+ : ' 'a
a + • : : a : , .. + •

cm Is

4.1 A aN 
N I.'

13)C4 x4

+.:: •"+* +, +

LIN • D CI ' a . .0 .. .

I.. Ira, k
":"+ "+" -.



oi 1

(b I S S 1 . I 9I S -

iIIE
I •t I t 1I I I .~

, , m ON 0,,

H Its R.R -RW 4n5,

stll

.- !' • "i ""' " .9... .

L " a.

160



oli F4

tin
Jr.4

Erp

I ~IS

II '

c

161~~~~~ 
&Os 'S;;o.



,jI I It%

nA6 p. - a

f~ev

C6

-4 1 13 o-

4P M

S.% LA' in

ca co 0 al

w ___ "_ -1-4S.

mm >n 14

00

2P, Tv

4t)0

00 0004

4r CC c:~ 0c 0 a
c.;4- r4 r4 -J -- -'- ý' c S. 0 . I

4L. -III.~

4)0.3

.1 "4 0

162 S Cst04Ž .s;! 2.S Copy



IPY.LI

I.6



P1I it, 34.1044" .stood• P.-. '

"$I ff4•P AM31410 
too -110 wbev- 

lovT•de.*. -*

V* " re." 1 
8 Ali,.

84 ; 1*11 Al * -- -- - " Am's Il . -e ..... • 1° •"• * ;..

.014~~ .6ot

ft 
to:•.so"., . 0., 010 .11 ^.0,4: -,• ,•-_ .. . .. ,. . . ..

:o*" h010 pp:" E~q? llil .* tII 

•

ofe 
x• WofI..••• 

,I ll ,I I.A..*.I.. 
• I *~~~lllll . .

II * I ol • e* q1 
,1 N el qlll • • •4 I*Pilo- *I *9 •4

pffloImql I 4I1~ ~ l o~ | ,l Jl1• • HI , Si 
. *l

Mql• Vt, 
o 

..
I I •I

:I•. Illq •M •~ I l 11)lt ,• ei ,t •I I . I O "l '•• 
q •

PAIl ff. q I@% 
W. Il Iq, I~ v l*! 1ei • y4 .l -1 *1 ;i*• * 1• .~ Ik 1

IRO .1 1 :41%l 

. • 14 i • ; l

1:4I14 II 1.06 1•s to io*tI

"6":.~,* .1.1 
*eoto :- I.-t t#.

6~* :.l4 3oi-AII 
o,,-1-pp.• •

SWAIM *All -!• -*' -Il -1 -1 -1.11 
ill )" * • I*" I,1

II I -.II II1 -A • At • I M ie- . ••I •?* II As11 ... go4 V•q 1. I~ Iml

41.~o .- 11.1

,,q" ... . ... . .~ .. .... 1. •P. ..
s:" 

-

•?ll*qI•p its l~ 1 9. Ifti.., ll~ol

=144



PW £' ml cumck.001= 90a"gam

bIIS ~ w* -c.WOI.~Vww 1'%aRp~60 4l* 4

IF tm 1,41111 #6* 6166 640 I

MN(4 . I.0 6 .0644 Am ewe roft,, al94 .61 Anl '04 140*64

544934. :104 .6616 :*If 340 16e4* 0110 .2"4 3.0" IV."

Zai.6 . Pat .64% .66 a" 4 61*6. go4.4 .4 6.~

6146411. we16 Z600 In,0 ------q. w * .6

.466 . . .. 3 .46 qz.*N .0, an66 %row64 .64 66
6666

4
w *144 .04 .44 1g*4

al640 0*6" .* *)06 ..666 41.1
4. ~ ~ ~ ~ ~ ~ 4 ." 14040 AI 169ý V .1-64 a. Som 0. 11

." .40 O .14"0" .16 *O 104, 1. 04:"%15a8 :anV-**',:a" 1* vs* :o. a.*0 .4*4 it .*44 It.
6" of604.1. S." awl 1.4" 6*4

.* .,. 16 moo.".6 144. .4"4 .4* 9.4 an. It
14. ea0.6 .4. )." molgo". .10* .444 1..4 j% l6.I6

6104." .1o.n""6B 01 104. 401"t . 044 f.*WO -A.**
'Ink. %#66 .144"O ."I"6 14%3 J11% a6 606 4 6S.0"

t,104 ~ft* ft6.4 11' *.D J..6460 1'"~ .66 % ..D by
36QII 4PS6 . .. .6 .10 1.IV --4- A6.1 918,4W. .1"6 60". P.149 6.41%

6041. 06% *%6 6i61 *.p*1. .010 .14 0.01%4 49.5?

:800. 13 :" :4014 1.6 1 1010 0. 2 1066 90.4 14 446 0 o.9

191 . &.40 .664 %On4 14406 3 * 4 30 .6 4

46041% 61.140 5.146 :-^6 " :a$4* 4 6 4 3 4 j04 6
11404~ *04 116 .A4 44%.PI

444411::10 on . .**6 .01% 1.%," 811.6
44401.m .%1%4 16.41 6.1

q66010. *41" .6.0^ .466 "61.0 00"" .4 look 44
64m966. . 11% .61% *6I3 P0.966n" 1 1
616066. *460 V6% .9644 '11.00 ano. .0409 .O .4 66

00064. .64 .6 9.004 14.6 "%04 .4666.0 .4 6..'s

4604. 11 * 14 .00 11.30 00,0 .401 01410 .014 M".
*660. .66 .00 *644 11.0 03.0. .woo .*o .4ftft4

pow" .* 66 .4 1.0

*044 64.

,~9. 10 .1' .1404.1 104,. Ft9 .10 ,.~ Man .44

14660. aas --- -1' . o--- . 4.3 16.90160 .4l .10" 0. pan 1%.0

666. .104 *..* Ann4 o'-64,116. 4 UPw %~44 041.

116. .1' .. 4 1614 It:%* 9*44 .66 .VWO V.an%9

1160 .04 .66 .414 41 61 .640 .6010 96 09

11606 6.4 .4 .. 06 P6.00 1.63146 .000 .In 1.AA' 64.64
.. -11.4 .16 .1 140% "..11

... .1443. I¶6044 .66 60 .16 64
2666.1 g1i.I, - -.4 .* 5'35A 16 .66 % 0 4.*6 14

*~64. .14 ,60 1.4111 11.41`4 . 9 4

........6% .6 .44 50$ JD31 1S J--- -- h....61 '
0. . .%0 :.#, I.-Oft 'I.61 x-. . .0" 40 'l

64400. W6% J,.% ~1.01 16.%4641 .9 Inn 6 4.0" 6.6

Z6106. .I..14 '6 4.6 ~ .e ~ .6 A66 690

61106. 96.9 %66 .P 4 1 .6 64. *3-k .160: .06 1
644*09. .94'. .664 .41w W.14 l1f. .4 06 .1.6

100644* .604 o . 16 .4f0 10.60 an6 .I 0 .1-e.- 1?

~~~~~~~so* 41..2"'6^ 66633~56~ - - - .

T ~41 910.t Lo~r. 0.161 6.6 66.66 te Plat .6lo Ga s.' 64 6'.

T - * aptelro t ttr m.4 I .. ; a10 .094 5.'.t 0,lan

.6165 6.6 .. 4 *0. s6' 4C 66.. .0049. ~ ~ ~ ~ ~ I .1 64 .64. 4.11. *6 . 64A '..0



TABLE XWXV

CRACK PROPAGATION FOR CENTER-CRACKED FATIGUE SPECIMENS

6' x 24" 2024I-T$52 Hand Forging
Long-Trasflverse Specimen3

Constan~t Load Tests, Stress Ratio 0 1/3

rsTIG'Ir CoA(K TOTAL FATIniUF COACK TflTAI.
IsFlfiTm (IN.) NO)TCH PEPCF14T I Elyrilm *1ppI.) %nT7m DrorFNT

CYCIPS AVG*. Wte. t FN(,T CRACKFD CYCLrS Awn, AVG,. LF(*T COrw

T a .7496 T , .7491 T4.

341J0ZALTL121~O4I51------ ---- I- X- A-Z 'S.L SIo-2-1z.b

0. .1 ci .149; 500 16.615 n )o r .O

?P1800. O1?s 170 .1540 Inl 140. .15 .1%f .qr- Ih'm

7*400. '?4% OP45 tAqn ??9F ?1*04. ;,go .'"") *A77n lOf

99?O000 ?o.74 .?s 29.247 43100. .,17S *3-14 "~ A tn

I104040. *lots .3115 APO2 27031 44a00l. 037 .376; Q4.19 I 4F.1

1943010. 0.550 .0 US .105 2943.46". .? 6 .4n '44

711600. 01470 o*ftO 091;0 3lo6' V71001. .470 .(7c; 14 "0 3%.1

717400. .4b9I5 .420 10"30 343 Ats0 1.400' r)n(,1 190; 300. It
170"(16. .4730 .710 1.16 3o3 00 .511; C19 1 *'7c;4.7 P..

jok7000. Ol .764 q I75 1.;*P; 4 .7.1Zlao q;11A (F

7313A00. # CS2 o#10% 1*430 4760.7 7,1100---------5,1 .4.. "t.k I.5I
735400. *619 ok"0 1 .110 %0? 110 .n .o %no 100

2?3100. o3 .965 114 7.05 1~ 7 54h Tl' . r5 .7S 14.A

236A00. 1.400 1.400 3.000 9q.90 ~.0 l% . ~ I.

;P .50 II &ton. *;'Sc PN" ?n ' 71.'

~------S00... ., -jSJ. .. Il .4.1% ?7. *00ý)

49;00.) .'is .1ý' Qft I ..7 r1r)I

1000 .*0 .10 57 3~.Q -IS0)0 .5fl5 .4 1. n^ 3&.17

noAqrn .16% 1 *cSn i S" 4- 1.11% 371

4?500. .0 ?r P.?,. hP70 ?o.65 C0'qn *I0.A .I%0 A%0. I I

1114004 *?40 .75S5 ."s9 21.15 701,01.0 .0o *'n .*5Q00 S%1*

101700. .?7s .*?A .755 ?,. 15 710 % 7nIr9 4.)

IIQ9006 -30% .1110 .041 C 27.15 7!104. 1.444 O&OF1 'A0fl 14A.M0

1,37000V *136 .150 ftQ0 79. 4557'*~A
15',>000 .1*5 .3Q0 .975 :47 16A

14%540n. *&75 .41n l. n055 -c 14i1' 3'-1nZALTE1?r24LZIQ5------- - - - - ~ q~ ~~L
17"~00. '40e; .67r, l140f 3?.Q7

7"0400. $,on oA~l n1.410 406.97 IA'0 r,)c -~5.&. ,I

P1700 O. .0630 *At.5 I*7 .&PC; 49013 *75;ý *75 7)0 ?1

71 "101. .A6 47; .0 1.q750 640..47IOP -%r .4

)7790100. .74n .- ?An 17nOflS IS ( 6471 10 71t Q9% r 3;'.

;!10A .#*On 11400 qq*flfl-O - -Q9 sIu"r~...I. L'..

Noten:

*'ycles - N4umber of cycles of crack propaigationl.
!Patlgue Crack Length - measured on specimfenl surface.
I otal Notch Length - 0.20-in. lonF crack starter plu: %~ i ra~
Per cent Cracked - to'tal notch lengthi expressed AO a r C'~it of erO55 wjdth.
T - specimen thickness, in. L 3e s t Ava
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TABLE MY
CX= nWA"TICX ?= CEN. -CRA,-= STUD"S

6 2 It' 7075-MIZ MWA ?OFS'-F*

Tests. str*so Astle - 1/3

341010 IV 36161A to 36t-% to&
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